‫العراق‬ ‫يف‬ ‫البرصة‬ ‫حمافظة‬ ‫يف‬ ‫الرشب‬ ‫مياه‬ ‫يف‬ ‫السلية‬ ‫غري‬ ‫املتفطرات‬ ‫من‬ ‫وغريها‬ ‫الطريية‬ ‫رات‬
When there is no evidence of personto-person transmission, it can be assumed that humans are infected with nontuberculous mycobacteria from environmental sources [5] . However, several studies have failed to identify nontuberculous mycobacteria in water samples, often because of unsuitable isolation techniques [6] . Different growth rates, growth requirements and sources of water samples (e.g. treated, surface or natural) are all variables that affect the choice of method used for identification. Because of the slow growth of these organisms, pretreatment methods are necessary to limit bacterial and fungal overgrowth before mycobacteria can be detected. Unfortunately, the pretreatment method chosen may also prevent the detection of certain species of mycobacteria and reduce the rate of positive samples and the number of colonies seen [7] .
The present study examined samples of drinking-water from different districts in Basra governorate, Iraq, to determine the occurrence of MAC and other nontuberculous mycobacteria, as well as their susceptibility to several antibiotics and the effect of 0.5 mg/L of chlorine on their survival.
Methods
A total of 404 samples of drinking-water were collected randomly for the purpose of this study from 33 districts in Basra governorate were collected during the period October 2006 to August 2007.
The concentration of residual chlorine for each sample was measured using a chlorine meter (Lovibond  2000) .
Aliquots of 250 mL from each sample were filtered by membrane filtration technique using 47 mm cellulose acetate filters with a nominal pore size of 0.45 µm (Sartorius). The filters were cultured using the monophasic-biphasic culture setup method [8] . This was a simple system in which a slant of LowensteinJensen agar (LJ) was prepared in testtubes (160 mm size), followed by the introduction of 2 mL of tuberculosis (TB) broth to cover the lower portion of the slant only. The lower portion of the test-tube represents a biphasic environment (a liquid phase in contact with solid one), while the upper portion is single phase (solid only). To cultivate and isolate mycobacteria the filters were inoculated in TB broth for 5 min. with shaking, after which the TB broth medium was poured in the test-tubes containing the slant, mixed well and then tilted once or twice to cover the upper portion of the slant prior to incubation. The test-tubes were incubated aerobically at 37 °C for 7 days.
The suspected isolated mycobacteria were identified using a battery of biochemical tests according to the methods of Holt et al. [9] and Harley and Prescott [10] : oxidase test, catalase test, nitrate reduction test, tween 80 hydrolysis, growth with 5% NaCl, growth on MacConkey agar without crystal violet, urease test, pigmentation test, arylsulfatase test, pyrazinamidase test and H 2 S production.
Mycobacteria isolates were also tested for their antibiotic susceptibility according to Piddock [11] by using 10 antibiotic disks: rifampin, kanamycin, streptomycin, azithromycin, ciprofloxacin, tobramycin, cephalothin, pyrazinamide, isoniazid, ethambutol.
To determine their resistance to chlorine the Mycobacterium spp. isolates were exposed to 0.5 mg/L concentrations of chlorine over 4 different time periods (30, 60, 90 and 120 s) [12] .
The data were analysed using simple descriptive methods.
Results
Of the 200 samples taken in the winter season 80 (53%) were free of chlorine, compared with only 175 (87.5%) of the 200 summer samples.
A total of 252 isolates were identified as Mycobacterium spp., based on their morphological and biochemical characteristics in the battery of tests ( Isolates of all the species were found in 30 districts of the governorate and during both winter and summer seasons at chlorine concentrations of 0-0.5 mg/L, but not at > 0.5-1.0 and > 1.0-2.0 mg/L.
Antibiotic susceptibility results using the tables supplied by the manufacturer of the kits showed that 7 species were sensitive to rifampin while the 3 rapidgrowing bacteria species were resistant (Table 2 ). For kanamycin, erythromycin, cephalothin, tobramycin and streptomycin all species were sensitive or mildly sensitive. On the other hand M. kansasii and M. marinum showed resistance to pyrazinamide, while other species were sensitive or mildly sensitive. All species were sensitive to ciprofloxacin. M. marinum was resistant to isoniazid and M. malmoense was resistant to azithromycin.
Inactivation of Mycobacterium spp. isolates by chlorination showed that not all species of Mycobacterium were sensitive to chlorine at 0.5 mg/L as, with the exception of M. szulgai, log reduction did not exceed 1 even after 120s exposure (Table 3) . 
‫املتوسط‬ ‫لرشق‬ ‫الصحية‬ ‫املجلة‬ ‫عرش‬ ‫الثامن‬ ‫املجلد‬ ‫الثالث‬ ‫العدد‬

277
Discussion
The data confirm that members of the genus Mycobacterium are present in the drinking-water of Basra and the rate of recovery of MAC was 8.3% in the 252 mycobacterial isolates. Other species of mycobacteria were recovered in high numbers and this may be related to the method of isolation used in this study, i.e. the monophasic-biphasic culture setup. The EPA reported that the culture and isolation of MAC bacteria from environmental samples is problematic because of their slow growth (it can take months to see colonies on plates), the particular nutrient requirements and the presence of other microorganisms that quickly outgrow MAC [1].
There is a consensus in mycobacterial laboratories that at least 1 of the media used should be a broth-based and that the use of solid media alone is not optimal and is too slow compared with the rapid turnaround time in broth. A study of Lowenstein-Jensen media versus 7H11 biplates demonstrated recovery of mycobacteria of 40% and 80% respectively on these media [13] . The authors concluded that decisions about which broth system to use will depend on the needs of each laboratory and the performance of each system within any particular laboratory. The BACTEC 460 system is still considered the gold standard among broth cultures, if one can contend with the problems associated with use of radioactive materials [14] . A BACTEC instrument was not available to us, however, and other methods were too expensive or inconvenient to perform in our laboratory [15] .
In the present study we succeeded in isolating mycobacteria from drinking-water using monophasic-biphasic culture, a method which has previously been used only for isolation of Mycobacterium tuberculosis from clinical specimens [16] . The monophasic-biphasic culture method allowed us to reduce the period of incubation to 7 days (or less in some cases) compared with typically 21-28 days in Lowenstein-Jensen medium. The efficiency of this method may be related to the simultaneous use of 2 types of media (solid and liquid) and its versatility for culturing a wide variety of mycobacteria. Monophasic-biphasic culture is also inexpensive because of the small quantities of liquid and solid media consumed, and in view of our results we suggest that the method is suitable for the isolation of mycobacteria from drinking-water in developing countries.
Antibiotic drug resistance in Mycobacterium spp. is a worldwide problem [17] . A number of mechanisms for the resistance have been proposed, especially changes in the complex cell wall structure which contain mycolic acid and arabenogalactan in addition to peptidoglycan and which can reduce their permeability to antibiotics. For instance, isoniazid resistance has been associated with alterations in the inhA gene, which encodes an enzyme that functions in mycolic acid synthesis, a component of the mycobacterial cell wall [18] .
Resistance of Mycobacterium spp. to chlorine has been attributed to the growth of bacterial cells in the form of a biofilm that allows these bacteria to acquire greater resistance to disinfectants than free cells [19. ]. Our conclusion from this study is that the ability of Mycobacterium spp. to survive in distribution systems may depend on factors such as the efficiency of disinfection process, as indicated by the very low chlorine concentration of < 0.5 mg/L encountered in many districts of Basra.
The isolation of Mycobacterium spp. from drinking-water may depend on the techniques and materials used for culturing. It is noteworthy that Mycobacterium spp. were isolated for the first time from municipal drinking-water supplies in Basra and we attribute this to the monophasic-biphasic culture method use in this study. 
